and Daroff, 1965) . As initially described by Maddox (1914) , the eye movements consist of regular reciprocating oscillations in which one eye rises while the other falls. Torsion of the eyes accompanies the vertical movements so that the axis of the rising eye intorts while that of the falling eye extorts.
See-saw nystagmus is a rare ocular abnormality, only 15 cases having been recorded to date (Maddox, 1914; Rucker, 1946; Larsen, 1957; Jensen, 1959; Smith and Mark, 1959; Mark, Smith, and Kjellberg, 1960; Lourie, 1963; Schurr, 1963; Kinder and Howard, 1963; Slatt and Nykiel, 1964; and Daroff, 1965) . As initially described by Maddox (1914) , the eye movements consist of regular reciprocating oscillations in which one eye rises while the other falls. Torsion of the eyes accompanies the vertical movements so that the axis of the rising eye intorts while that of the falling eye extorts.
Nine of the reported cases of see-saw nystagmus have been associated with tumours in the region of the optic chiasm and diencephalon. These lesions do not entirely explain the pathogenesis of the seesaw movement, however, since in other cases brainstem or ocular lesions were described instead.
Furthermore, in innumerable parasellar lesions seesaw nystagmus does not occur. Much still remains to explain the pathophysiology of see-saw ocular movements.
The purpose of the present communication is to present an additional case in which see-saw nystagmus was observed in a patient with bitemporal hemianopia and abnormal vestibular responses. Attention is directed to several of the previously reported cases in which abnormal vestibular responses were also noted. A mechanism is suggested by which see-saw nystagmus is produced by various combinations of visual, vestibular, or other lesions rather than by a lesion in a single anatomical site.
CASE REPORT HISTORY A 65-year-old woman was well until 1957 when she noticed the insidious onset of visual impairment in both eyes. In 1963 she was admitted to another hospital where radiographs revealed enlargement of the sella turcica; examination of the visual fields demonstrated bitemporal hemianopia. Neurological examination was otherwise within normal limits and lumbar puncture revealed no abnormalities. An endocrine evaluation showed normal thyroid function but markedly diminished urinary excretion of 17-ketosteroids and 17-hydroxycorticoids. After steroid replacement therapy was instituted, a right frontal craniotomy was performed and a chromophobe adenoma partly removed and the optic chiasm decompressed. The patient was given a course of radiation therapy to the pituitary region and placed on a regimen ofcortisone acetate, thyroid extract, and diphenylhydantoin sodium.
Following surgery the patient's vision improved, but in 1964 further visual deterioration was noted (Fig. 1) . In February 1965 the patient was admitted to Passavant Memorial Hospital because of complaints of increasing impairment of vision and 'pulling sensations' lateral to her eyes. In addition she complained of dizziness on turning rapidly. She was unaware of oscillopsia. The patient had gained 20 lb. in the year before admission and had discontinued her medications eight months previously.
On physical examination the blood pressure was Lourie (1963) , describing a patient with a chromophobe adenoma, noted that covering of one eye suppressed the nystagmus. He concluded that'... a disturbance in the normal tonic influence from the macula on attempted fixation (was) the mechanism of the nystagmus'. The patient of Slatt and Nykiel (1964) , suffering from visual loss and see-saw nystagmus following an undiagnosed febrile illness, also showed variation of the nystagmus with alteration of the environmental illumination or of fixation. These authors similarly concluded that see-saw nystagmus was '. . . ocular rather than central in origin'. Finally, Duke-Elder (1949) Bitemporal hemianopia was present in 11 of 13 cases where visual fields were reported; many of the patients with field defects also had severe impairment of visual acuity in one or both eyes. One of the two patients with normal fields had severely impaired visual acuity (Slatt and Nykiel, 1964) .
TRANSIENCE OF SEE-SAW NYSTAGMUS IN PATIENTS
WITHOUT VISUAL IMPAIRMENT In two cases where no impairment of visual fields or visual acuity could be determined (Jensen, 1959; Daroff, 1965) Vertical eye movements may be readily produced by bilateral caloric stimulation of the labyrinths (Bender and Shanzer, 1964) . Electrically, stimulation of the superior colliculi, the mesencephalic reticular formation, the region of the third ventricle, the head of the caudate nucleus or (with bilateral stimulation) the frontal eye movement area (Brodmann's area 8) may produce vertical eye movements (Cogan, 1956; Szekely and Spiegel, 1963; Bender and Shanzer, 1964; Pasik and Pasik, 1964) . Disconjugate vertical movements (one eye rising, the other falling) have been produced by unilateral stimulation lateral to the superior vestibular nucleus (Montandon and Monnier, 1964) . Facilitation of nystagmus produced by stimulation in the region of the vestibular nuclei follows destruction of the contralateral 'diencephalic nystagmogenic area' medial to the lateral geniculate body (Montandon and Monnier, 1964) .
Torsional eye movements are thought to originate normally in the saccule and utricle (Kompanejetz, 1928; Miller, 1962) and may be produced by tilting of the head. Electrical stimulation of the zona incerta and of the interstitial nucleus of Cajal have also produced ocular torsion in experimental animals (Hyde and Toczek, 1962; Toczek and Hyde, 1963) .
Visual control of vertical eye movements takes place via connexions of the occipital lobes with the frontal eye fields (Cogan, 1956 (Montandon and Monnier, 1964 (Spiegel, Szekely, and Gildenberg, 1965) .
This concept that combined lesions may be necessary for the production of see-saw nystagmus explains its relative rarity as well as the diversity of lesions that have been held responsible. The importance of specifically visual impairment as a component may be that it permits latent see-saw ocular movements to become manifest when visual inhibition is removed. Similarly, the transitory nature of see-saw nystagmus produced by brain-stem lesions alone may be due to the fact that visual inhibition of ocular movements supervenes after a brief interval.
SUMMARY
A case of see-saw nystagmus is presented in which a vestibular abnormality occurred in combination with bitemporal hemianopia. The neurophysiology of vertical and torsional ocular movements is briefly reviewed. The suggestion is made that see-saw nystagmus may be due to several possible combinations of lesions involving visual, vestibular, or other structures, rather than to a single lesion. 
